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(57) ABSTRACT 

An SVC is established via an ATM Switch port, which 
includes multiple virtual paths (VPS), by associating mul 
tiple virtual user-to-network interfaces (UNIs) to each of the 
VPs. Each of the VPs includes multiple virtual circuit (VC) 
ranges, each of which corresponds to a different virtual UNI. 
Each VC range includes at least one VC for control and at 
least one VC for data transfer. Associating the virtual UNIs 
to each of the VPs includes mapping each virtual UNI to a 
corresponding VC range within a VP based on a virtual path 
index (VPI)/virtual channel index (VCI) of the virtual UNI 
initially received by the ATM Switch port. 
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EXTENDED VIRTUAL USER-TO-NETWORK 
INTERFACE WITH ATM NETWORK 

0001. This application is related to U.S. patent applica 
tion Ser. No. 10/286,786, filed Nov. 4, 2002, entitled “Peer 
to Peer SVC-Based DSL Service,” in the names of Wenge 
CHEN et al., the disclosure of which is expressly incorpo 
rated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to the field of com 
munications. More particularly, the present invention relates 
to dynamically establishing broadband quality of Service 
(QoS) connections, on demand, between peers on a network 
to guarantee application specific IPOoS via the combination 
of ATM Switched virtual connections (SVCs) and permanent 
virtual connection (PVCs). Alternative processes are dis 
closed, including (i) dynamically establishing an SVC short 
cut connection from a peer device using an SVC signaling 
proxy device without going through an ISP, and (ii) creating 
multiple virtual user-to-network interfaces (UNIs) within a 
single virtual path (VP) at each port of an ATM edge switch 
to establish SVCs between Subscribers. 

0004 2. Background Information 
0005 Network carriers are currently providing broad 
band access Services to a large number of Subscribers using 
asynchronous transfer mode (ATM) and digital subscriber 
lines (DSL). Under the current paradigm, Subscribers con 
nect to an Internet Service provider (ISP) using a pre 
existing Static point-to-point or “nailed up' connection, e.g., 
a PVC. Once the connection has been established the 
Subscriber can communicate to the ISP, Via the connection, 
using various bridge or router modes. In the case of bridge 
mode, typically point-to-point protocol (PPP) or point-to 
point protocol over Ethernet (PPPoE) is used to set up the 
user sessions and carry the user IP packets to the ISP. When 
a Subscriber wishes to communicate with a peer Subscriber, 
all communications via IP packets travel through the ISP. 
thus Suffering implementation complexity and operational 
unfeasibility for Supporting application specific QoS. 

0006 Furthermore, Subscribers currently interface with 
the ATM network over PVCs via standard UNIs. To support 
on-demand, SVC-based connections, each customer must be 
able to dynamically signal connection establishment 
requests to the ATM network. If both ATU-R and ATM 
Switch support SVC, but the DSLAM does not, the current 
virtual UNI-based implementations suffer from Scalability 
limitations. For example, using a single UNI Supports only 
a single customer because one signaling channel exists for 
the entire UNI. Using virtual UNIs expands the limit to 256 
customers because virtual UNIs Sub-divide the UNI into a 
maximum of 256 virtual UNIs, each having a unique Virtual 
Path Identifier (VPI). However, a single virtual UNI, which 
Supports ATM network access of a single Subscriber, 
requires an entire VP, even though most of the virtual 
channels (VCs) within the VP are not needed to support the 
SVC. A limited number of VPs are available at each port of 
an ATM edge Switch and/or a digital Subscriber line acceSS 
multiplexer (DSLAM) connected to the ATM edge switch, 
which accordingly restricts the number of UNIs that may be 
Supported by the network at any one time. For example, a 
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DS3 or a OC3 port typically accommodates at most 256 
VPIs, thereby limiting each port to support of 256 virtual 
UNIs, even though a DSLAM may service thousands of 
Subscribers. 

0007. It is desirable to have a system that enables each VP 
to support multiple UNIs, expanding the ATM network's 
capability to Support guaranteed QoS connections, without 
having to increase the number of physical ports of various 
network elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The present invention is further described in the 
detailed description that follows, by reference to the noted 
drawings by way of non-limiting examples of embodiments 
of the present invention, in which like reference numerals 
represent Similar parts throughout Several views of the 
drawings, and in which: 
0009 FIG. 1 is a block diagram showing an exemplary 
network architecture for proxy Signaling, according to an 
aspect of the present invention; 
0010 FIG. 2 is a block diagram illustrating an exemplary 
relationship between logical components of proxy Signaling, 
according to an aspect of the present invention; 
0011 FIG. 3 is a block diagram showing an exemplary 
network architecture for proxy signaling, according to 
another embodiment of the present invention; 
0012 FIG. 4 is a table showing an exemplary VPI/VCI 
arrangement for Extended Virtual UNI, according to an 
aspect of the present invention; 
0013 FIG. 5 is an exemplary call flow diagram showing 
an SVC being set up using Extended Virtual UNI, according 
to an aspect of the present invention; and 
0014 FIG. 6 is a block diagram showing an exemplary 
network architecture for Extended Virtual UNI, according to 
an aspect of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0015 The present invention relates to establishing broad 
band QoS connections between peers on an ATM network to 
guarantee application Specific IP QoS, through SVCS and 
PVCs. When an ATU-R does not have SVC capability, an 
SVC may be dynamically established by a proxy signaling 
alternative, discussed below. When the peer device has SVC 
capability, an SVC may be efficiently established through 
one of many UNIs set up within a single VP at each port of 
an ATM edge Switch, referred to as Extended Virtual UNI. 
0016. In view of the above, the present invention, relating 
to Extended Virtual UNI, through one or more of its various 
aspects and/or embodiments is presented to accomplish one 
or more objectives and advantages, Such as those noted 
below. 

0017. An aspect of the present invention provides a 
method for establishing at least one SVC through an ATM 
Switch port, which includes multiple VPS, by associating 
multiple virtual UNIs to each of the VPs. Each VP includes 
multiple VC ranges, each of which corresponds to a different 
virtual UNI. Also, each VC range includes at least one VC 
for control and at least one VC for data transfer. ASSociating 
the virtual UNIs to each of the VPs of the ATM switch port 
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may include mapping each virtual UNI to a corresponding 
VC range within a VP based on a VPI/VCI of the virtual UNI 
initially received by the ATM Switch port. 
0.018. Another aspect of the present invention provides a 
method for supporting multiple virtual UNIs within a single 
VP, which includes multiple VCs. The method includes 
assigning a virtual UNI to the VP, and assigning at least one 
control VC and at least one data VC of the VP to the virtual 
UNI, such that the at least one data VC is contiguous with 
the at least one control VC. Multiple virtual UNIs are thus 
available for the VP. A QoS may be associated with an 
application of the virtual UNI. At least one of the control and 
data VCs are then assigned based on the QoS. 
0019. A minimum number of contiguous data VCs 
needed to support the QoS may be determined. The deter 
mined number of data VCs is assigned to the virtual UNI. 
Likewise, a minimum number of contiguous control VCs 
needed to support the QoS may be determined. The deter 
mined number of control VCs is assigned to the virtual UNI. 
One of the at least one control VCS is a signaling channel. 
The minimum number of data VCs or control VCs may be 
as few as one VC. 

0020. Another aspect of the present invention provides a 
method for establishing an SVC in an ATM network by 
receiving a Signaling message, via a virtual UNI, to Set up 
the SVC, and assigning the virtual UNI to a range of VCs 
within a single VP based on a VPI/VCI of the signaling 
message. The VP includes at least one additional range of 
VCs assigned to another virtual UNI. The SVC is then 
established using the range of VCS assigned to the Virtual 
UNI. 

0021 Another aspect of the present invention provides a 
system for establishing at least one SVC in an ATM network, 
including an ATM network element having multiple ports, 
each of which supports multiple VPs. The ATM network 
element may include an ATM edge switch or a DSLAM. The 
ATM network element associates multiple virtual UNIs to 
each of the VPs. Each VP includes multiple VC ranges, each 
of which corresponds to a different virtual UNI of the 
mulitple virtual UNIs. Each VC range includes at least one 
VC for control, including Signaling, and at least one VC for 
data transfer. The ATM network element may associate the 
virtual UNI's to each VP by mapping each virtual UNI to a 
corresponding VC range within the VP, based on a VPI/VCI 
of the virtual UNI initially received at a corresponding port. 
0022. Yet another aspect of the present invention pro 
vides a computer readable medium for Storing a computer 
program that establishes at least one SVC by way of an ATM 
Switch port, which includes multiple VPs. The computer 
readable medium includes an associating Source code Seg 
ment that associates multiple virtual UNIs to each of the 
VPs. Each VP includes multiple VC ranges, each of which 
corresponds to a different virtual UNI of the multiple virtual 
UNIs. Also, each VC range includes at least one VC for 
control and at least one VC for data transfer. 

0023 The computer readable medium may further 
include a mapping Source code Segment that maps each 
virtual UNI to a corresponding VC range within a VP based 
on a VPI/VCI of the virtual UNI initially received by the 
ATM Switch port. The associating Source code Segment 
associates the multiple virtual UNIs to each of the VPs based 
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on the mapping. The computer readable medium may also 
include a determining Source code Segment that determines 
a size of each VC range based on an application of the 
corresponding virtual UNI. 
0024. The various aspects and embodiments of the 
present invention are described in detail below. 

1. Proxy Signaling 

0025 FIG. 1 is a block diagram depicting an exemplary 
network infrastructure in which the present invention oper 
ates, as it relates to proxy Signaling. A Source Subscriber's 
computer 10 is connected to a DSL ATU-R 12 at the 
Subscriber's premises. Although the Subscriber's computer 
is referred to as a PC in the following description, the 
computer is not limited to a personal computer. Rather the 
Subscriber's computer (also referred to as a client) can be 
any device capable of communicating to an ISP. 
0026. An exemplary DSL ATU-R is the SpeedStream 
5360 DSL Model, available from Efficient Networks, Inc. of 
Dallas TeX. The DSL ATU-R 12 connects to a DSLAM 14 
using a pre-existing digital Subscriber line. The DSLAM 14 
is connected to a high Speed network, e.g., an ATM network 
16. The DSLAM 14 connects to an ATM edge switch 15, 
which operates as a gateway into the ATM network 16. 
Although the following description refers only to ATM, any 
connection-oriented network that Supports equivalent QoS 
can be substituted for the ATM network 16. 

0027. The ATM network 16 includes a number of ATM 
Switches 15, 17, 19. Exemplary Switches include the Alcatel 
7670 Routing Switch Platform, available from Compagnie 
Financiere Alcatel of Paris, France. An exemplary DSLAM 
14 is the Alcatel 7300 Advanced Services Access Manager, 
available from Compagnie Financiere Alcatel of Paris, 
France. 

0028. An edge ATM switch 17 of the ATM network 16 
connects via the Internet 20 to a service provider's broad 
band remote access server (B-RAS) 22. The B-RAS 22 
terminates PPP connections for each DSL Subscriber 10. An 
exemplary B-RAS 22 is an SMS 1800, available from 
Redback Networks Inc. of San Jose, Calif. The B-RAS 22 
connects to the Internet Service provider 24. The connection 
to the Internet service provider (ISP) 24 is via a local 
connection, Such as an Ethernet connection. 
0029) Typically the connection from the subscriber 10 to 
the B-RAS 22 is pre-provisioned and it will be referred to as 
a signaling connection or a control connection. In one 
embodiment, the control connection is a manually config 
ured PVC though which a PPP session is established. 
0030. According to an aspect of the present invention, the 
Subscriber 10 can dynamically Select a peer device, Such as 
the destination Subscriber device 40, to communicate with 
and can request QoS connections to the peer device by 
communicating over the control connection. In one embodi 
ment, the QoS connection to the peer device 40 is a 
dynamically established SVC 50. Although the description 
refers to an SVC as the QoS connection, it is noted that an 
SVC is merely a non-limiting example of a QoS connection; 
and another type of QoS connection, Such as Soft Permanent 
Virtual Circuit (SPVC), can be used instead of an SVC 
without departing from the Scope and Spirit of the present 
invention. An example of when a subscriber 10 might desire 
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Such a QoS connection is when the Subscriber 10 desires to 
engage in a Video conference with another Subscriber 40. 
0031. In order to dynamically establish the SVC 50, the 
Subscriber 10 transmits a connection Setup request to the 
connection Server 25. In the following description, Sub 
scriber refers to the combination of the client and an 
asSociated network Service agent. The client communicates 
to the connection server 25 via an API to a Software 
component, the network Service agent, which is located on 
the client (bridge model) or ATU-R (routed model). The 
request, originating from the Subscriber 10 is transmitted to 
the connection server 25 over the Subscriber's best effort 
connection to the ISP24. The request includes information 
about the SVC 50 (or SVCs, each being associated with a 
different application) to be setup, including the destination 
Subscriber 40, a shared Session key agreed upon by Sub 
scriber 10 and Subscriber 40, a class of Service of the SVC 
50, and a traffic descriptor of the SVC 50. The class of 
Service can be, for example, constant bit rate (CBR) or 
variable bit rate (VBR). The traffic descriptor describes the 
requested bandwidth in terms of ATM standard traffic 
descriptors, e.g., by Sustained cell rate (SCR), peak cell rate 
(PCR), and maximum burst size (MBS). 
0032) The connection server 25 then queries an LDAP30 
for information about the Subscriber 10 and the Subscriber 
40. The LDAP 30 receives Such Subscriber information, and 
information about the network as part of the provisioning 
process flow. Exemplary Subscriber and network informa 
tion includes the following information for both subscriber 
10/Switch 15 and Subscriber 40/Switch 19: the Switch iden 
tifier of the Switch 1 (possibly an IP address or switch 
Specific proprietary address); the physical port number and 
the logical port number, end System addresses, e.g., ATM 
end System address (AESA), of Source and destination 
UNIs; a set of VPI/VCIs at the source UNI and a set of 
VPI/VCIs at the destination UNI; and an address (e.g., an IP 
address) of a proxy signaling agent (PSA) 35. The LDAP30 
also stores Some other network related information, Such as 
up-link port Speeds and DSL Synchronization rates needed 
for the connection Server to calculate total available band 
widths and perform the CAC function for ATU-R and 
DSLAM ports. 
0033) Authorization and authentication information can 
also be retrieved from a RADIUS server 28, if necessary. In 
addition, accounting records can be stored on the RADIUS 
server 28. The RADIUS server 28 is provisioned with the 
user authentication information (username and password) as 
part of the customer management flow. 
0034. In one embodiment, the destination subscriber 40 
must also perform the previously described actions by 
requesting a connection to the Source Subscriber 10 with 
identical parameters after the subscriber 40 receives the 
application Session Setup message from Subscribe 10 
through the best effort connection. By receiving connection 
requests from both subscribers 10, 40 within a time-out 
period, the connection Server 25 considers the connection 
request to be both originated and accepted by both Subscrib 
ers 10, 40. 

0035. After the necessary information, such as the 
AESAs, VPI/VCIS, class of service, and bandwidth, etc., is 
obtained from the LDAP30 and the RADIUS server 28, the 
connection Server 25 performs a call admission control 
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(CAC) step to determine if sufficient available bandwidth 
exists in the ATU-RS and DSLAMs to accommodate the 
connection request. The connection Server 25 maintains 
state information of the currently available bandwidth at 
each subscriber's ATU-R and related DSLAM up-links. If 
Sufficient bandwidth is available, then the connection server 
25 sends the SVC request and the necessary information to 
a proxy signaling agent 35. The proxy signaling agent 35 is 
responsible for performing the SVC Signaling and relaying 
results and Status information from the network elements to 
the connection Server 25. That is, the proxy signaling Server 
35 communicates with the SVC capable ATM network 16 to 
establish, to tear down, and to obtain the status of SVC 
connections, and to obtain information about resource avail 
ability. 
0036. After receiving the necessary information, the 
proxy signaling agent 35 communicates with the requesting 
subscriber's edge Switch 15 to initiate an SVC 50 to the 
destination Subscriber's edge Switch 19. The proxy signaling 
agent 35 informs the edge Switch 15 of the destination 
Switch address and then the SVC 50 is set up in the standard 

C. 

0037. Once the SVC 50 is set up, the proxy signaling 
agent 35 informs the connection server 25, then the connec 
tion Server 25 Sends a message to both Subscribers, Specifi 
cally the network Service agent associated with each client, 
informing them of the Successful connection establishment. 
Then the routing tables are updated in both subscribers’ PCs 
(for bridge mode) or ATU-Rs (for router mode) so that QoS 
application packets can be sent over the new QoS connec 
tion. In the bridge mode, a packet mapping table is also 
modified in the ATU-R. As is well known, every PC has a 
routing table to provide the routing information when mul 
tiple IP interfaces are available for outbound IP traffic. 
Routing entries in the routing table typically follow the 
Syntax of <destination IP network address, network mask, 
gateway IP address, interface IP address, metrica. The 
operating System routing function will forward a packet 
according to the longest matched routing entries in the 
routing table based on the destination address in the packet. 
0038 According to the present invention, the location of 
the routing tables varies. In a bridge mode, the routing table 
is Stored on the Source Subscriber's computer 10. In a routing 
mode, the routing tables are Stored on the Subscriber's 
ATU-R 12. 

0039) Regardless of where the routing table is stored, 
traffic packets are transmitted from the source subscriber 10 
over either the new QoS connection or the default route to 
the ISP, based upon whether or not the packet originates 
from an application associated with the new QoS connec 
tion. For example, if the application requesting the SVC 50 
is a Video conferencing application and the packets being 
transmitted originate from the Video conferencing applica 
tion, then the Video conferencing packets are transmitted 
over SVC 50. In other words, the packets travel from the 
subscriber 10, through the PVC from ATU-R 12 to the 
DSLAM 14, the SVC 50 from the ATM switch 15 to the 
ATM Switch 19, and the PVC from the DSLAM 44 to the 
ATU-R 44 and finally to the destination Subscriber 40. If the 
packet originates from other applications than the QoS 
application, the packets are transmitted, as usual, via the 
default route (or routes) to the ISP 24 and then on to its 
intended destinations. 



US 2004/O165592 A1 

0040 Routing packets based upon the originating appli 
cation will be referred to as policy based routing or filtering. 
Policy based routing ensures QoS for Specific end user 
applications. According to an aspect of the present inven 
tion, the policy based routing capability is dynamic. That is, 
the policy based routing only occurs during a Session, e.g., 
during a video call. When the session terminates, the ATU-R 
12 receives a signal indicating the Session termination and 
the pattern matching and filtering cease. Accordingly, all 
traffic is routed over the normal channel. 

0041) Policy based routing thus occurs when an SVC 50 
has been set up. For router mode, after the setup, the PC 10 
sends a header pattern to the ATU-R 12 so that the ATU-R 
12 knows to filter traffic matching the received pattern. In 
other words, the ATU-R 12 knows to send the traffic 
matching the header pattern to the new QoS connection. 
When a packet does not match the header pattern, the packet 
is Sent along its normal route. 
0.042 Current routing tables have routing entries associ 
ated with a destination network address. The current entries 
are typically too coarse to distinguish between the Specific 
applications for the purpose of mapping into a specific route. 
According to the present invention, a new gateway (i.e., the 
QoS connection/the SVC) exists to handle special traffic 
(e.g., video conference traffic). Policy routing is a function 
to filter the video conference traffic and direct Such traffic to 
a separate gateway different from that default gateway 
define in the existing routing table. 
0043. In one embodiment, the syntax of the policy rout 
ing instruction is: <source IP network address, Source net 
work mask, destination IP network address, destination 
network mask, IP protocol ID, type of service (TOS), source 
port number, destination port number, gateway IP address, 
interface IP address, metric. The IP protocol ID parameter 
defines the layer 4 protocol. The type of Service parameter 
refers to a field in the IP header to carry information on 
traffic packet priority, e.g., best effort, highest priority, etc. 
The gateway IP address refers to the next hop. The interface 
IP address refers to the egress port. The metric defines an 
administrator assigned weight, the weight being assigned to 
different routes, e.g., hop count. 
0044 An example will now be provided. Assume the 
routing policy is as follows: 64.2.12.3 255.255.255.0 
217.3467.122 255.255.255.255 178 6OOO 6OOO 66.2.1.2.1 
64.2.12.31. Then, all packets having the value matching this 
Specific policy will be directed to gateway 66.2.12.1 via 
64.2.12.3, which is a local interface IP address. 

0045 Referring to FIG. 3, another embodiment is 
described in which multiple proxy signaling servers 35, 36 
are provided. In this embodiment, the source subscriber 10 
and the destination Subscriber 40 may be assigned to dif 
ferent proxy signaling agents 35, 36 at the LDAP30. In such 
a case, the Setup process is slightly different. If both Sub 
scribers 10, 40 are located within the same ATM domain, the 
connection must choose which side to originate the SVC 
connection and to contact the originator's proxy Signaling 
agent 35 to set up the connection. If the subscribers 10, 40 
are located in different ATM domains (as shown in FIG.3), 
e.g., different vendor domains owned by a single carrier, the 
connection Server 25 establishes two connection Segments, 
one originating at each Subscriber, to a common network to 
network interface (NNI) meeting point. The connection 
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server 25 can retrieve available NNI information from the 
LDAP 30 to handle these types of connections. The con 
nection Server 25 can also track real time State information 
about NNI usage. 
0046. As discussed above, a router mode and a bridge 
mode are available. In the router mode, the ATU-R 12 
functions like a traditional router. That is, the ATU-R 12 
examines the layer 3 and layer 4 information and routes 
packets based upon Such information. Accordingly, the 
ATU-R 12 routes at the application level. In this embodi 
ment, the routing table resides at the ATU-R 12. Moreover, 
it is well known that in the router mode the PPPOE session 
from subscriber to ISP originates on the ATU-R 12. 
0047. In the bridge mode, the ATU-R 12 functions like an 
Ethernet bridge with additional packet mapping capabilities. 
Ethernet bridges without additional mapping capabilities 
have no IP awareneSS and can only perform Switching at a 
host level of granularity. The Switching is based on MAC 
addresses, which are unique per client. In this embodiment, 
the routing table resides at the client 10 and the client 10 
performs the routing. In addition, a packet mapping filter at 
the ATU-R switches the packets into different outgoing 
PVCs based on mapping rules associated with each QoS 
Session. These rules consider layer three and layer four 
header information in a manner Similar to the described 
policy routing method. 
0048. In the bridge model, a client DSL dialer application 
establishes a standard, best effort PPPoE session between the 
client PC 10 and the ISP B-RAS 22. The ISP24 provides the 
client 10 with a public IP address, which is globally reach 
able. In the router mode, the ISP24 assigns the ATU-R 12 
a global IP address and the ATU-R 12 performs NAT for 
private addresses that it, in turn, assigns to the client 10. 
0049. In the bridge mode, policy routing occurs in the PC 
and a mapping occurs in the ATU-R. That is, the PC decides 
whether to send traffic over the PPP session or directly to the 
ATU-R over Ethernet. The packet received at the ATU-R, 
however, requires an additional mapping Step. Once the 
traffic is received at the ATU-R, the ATU-R determines 
which PVC to send the traffic over. One PVC is assigned to 
the PPP session, and other PVCs can match different SVCs 
in the ATM network. The additional mapping step is enabled 
by a mapping table in the ATU-R that shows which PVCs are 
currently attached to SVCs. Although all packet travels 
through the ATU-R, Some packets are encapsulated in a PPP 
Session, whereas other packets are raw IP packets trans 
ported via the Ethernet connection. 
0050 Regardless of whether the bridge mode or the 
routed mode is in use, header patterns are always Sent to the 
ATU-R. The header patterns that are sent are the same 
header patterns that the PC uses to determine whether to 
encapsulate the packet. That is, the PC decides whether to 
use PPP or not, and the ATU-R decides which PVC to use. 
Once an SVC is set up, both tables are updated. 
0051. In the router mode, all policy routing occurs in the 
ATU-R, therefore only one table exists. Accordingly, no 
dynamic changes occur in the PC and packets are not 
encapsulated in PPP by the PC. When appropriate, the 
ATU-R encapsulates the packets in PPP. 

0052 The connection server 25 terminates customer con 
trol channel sessions, which transit the public IP network. 
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The control channel Session is used by the customers to Send 
CONNECT and DISCONNECT requests to the connection 
server 25. The connection server 25, in return, reports 
connection Status information to the customers using the 
control channel Session. In an embodiment of the present 
invention, this control channel Session employs authentica 
tion and encryption. 
0053. The connection server 25 maintains two levels of 
Sessions: (1) a per user Session anchored on the control 
channel connection; and (2) a per SVC Session anchored on 
individual SVC connections set up by the service. When a 
user logs in, the user establishes a user Session that is 
associated with the user ID. Once the user establishes an 
SVC, an SVC session is created. If the user establishes 
another SVC, another SVC session is created. Thus, each 
user Session may be associated with multiple SVC Sessions. 
0.054 The connection server 25 performs the CAC func 
tion for the user ATU-R and DSLAM ports and is able to 
manage the complex topology of any DSLAM 14. This is 
necessary because the pre-provisioned PVCs in the ATU-R 
12 and DSLAM 14 will require over subscription of the 
priority bandwidth on the DSLAM up-link ports. Over 
Subscription occurs when a group of PVCs, with aggregate 
bandwidth exceeding the actual available bandwidth, are 
created. It is assumed that, Statistically, only a fraction of the 
PVCs are active simultaneously and that the bandwidth used 
by the active fraction does not exceed the actual available 
bandwidth. It is advantageous to Service providers to over 
Subscribe network resources to take advantage of this Sta 
tistical multiplexing effect. For example, a DSLAM up-link 
may have enough bandwidth to handle ten Simultaneous 
QoS connections. The Service provider may choose to 
provision twenty QoS PVCs on that up-link if it is expected 
that typically only ten or fewer of the QoS PVCs are in use 
at one time. In this Scenario, the connection Server CAC 
function would prevent the eleventh QoS PVC from becom 
ing active should the actual usage exceed the expected 
usage. Only as many pre-provisioned QoS PVCs may be 
active as there is bandwidth available thus ensuring the QoS 
of the active connections. 

0.055 The connection server 25 can be any server class 
system, such as a UNIX workstation. The connection server 
25 tracks the PVCs status in real time, monitoring whether 
the PVCs are in use or available. If multiple applications 
share a PVC, the connections server 25 monitors how much 
available bandwidth is allocated to each application. When 
enough bandwidth is not available for a connection request, 
the connection Server 25 denies Service requests. The con 
nection server 25 handles association of PVCs and SVCs, 
and also reserves space on PVCs. 
0056. In one embodiment, each DSLAM actually 
includes a master DSLAM and at least one slave DSLAM. 
In this embodiment, the connections server 25 is aware of 
the DSLAM topology, e.g., the total bandwidth available on 
a DSLAM trunk port. The topology information is useful so 
that the connection server 25 is aware of which PVCs are 
used to connect from the trunk port of the master DSLAM 
to the appropriate Subscriber port. The connections Server 25 
ensures that enough bandwidth exists for a connection 
request, and if So, grants the bandwidth to the user. 
0057. A logical view of the system is now described with 
reference to FIG. 2. A subscriber SVC-enabled application 
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100, running on the client PC, negotiates with a peer to 
establish agreed upon parameters for a direct SVC connec 
tion. This negotiation occurs using the best effort PPPoE 
channel, i.e., the control channel. Both SVC-enabled end 
points must agree upon a required class of Service, a required 
bandwidth orbit rate, and a shared Secret or Session key that 
uniquely identifies the proposed Session between these two 
end points. The mechanism of this negotiation is indepen 
dent of the SVC service. For example, the negotiation could 
be an Instant MeSSaging Server facilitated negotiation or a 
Voice telephone call between users. 
0.058. The subscriber SVC-enabled application 100 at 
each end-point Sends a request to establish a SVC connec 
tion to its respective network Service agent 102, which 
resides in the subscriber's computer 10 or the ATU-R 12. 
The request includes the Source username, destination user 
name, class of Service, bandwidth, shared Session key, and IP 
routing/mapping information. 
0059. The network service agent 102 can be located on 
either the client PC 10 or the ATU-R 12. In the bridge mode, 
the network service agent 102 resides on the subscriber's 
system 10 and in the router mode it resides on the subscrib 
er's ATU-R 12. The network service agent 102 handles 
network layer connection duties, including managing an API 
interface between the ATU-R 12 and the Subscriber 10. The 
network Service agent 102 also manages the routing tables as 
well as Session establishment and termination. In addition, 
the network Service agent 102 executeS packet filtering rules. 
0060. In one embodiment, the network service agent 102 
includes two input APIs: (1) an HTTP or command line API, 
e.g., a Telnet based configuration Suitable for direct human 
interaction, and (2) a Socket based API for process to process 
communications. Users or applications, which are clients of 
the network service agent 102, can send CONNECT, DIS 
CONNECT, STATUS, and REACHABILITY requests to the 
connection server 104 via the network service agent 102 and 
the Secure connection between the network Service agent 
102 and the connection server 104. Return information from 
client requests should be explicitly output to the user in the 
case of the human readable interface. For the process to 
process API, return information can be returned via the 
socket connection between the client process 100 and net 
work service agent 102. In addition, the client process 100 
should be able to poll status information via the network 
Service agent 102 to Self determine the result of requests. 
0061 Because the network service agent 102 changes the 
routing and mapping tables, the layer 3 and layer 4 infor 
mation associated with the SVC flow must be communicated 
by the application or user to the network Service agent 102 
as part of the CONNECT request. Only the information 
relevant to layer 2 provisioning is passed on to the connec 
tion server 104 for the SVC portion of the connection 
establishment. 

0062 Output APIs are also provided in the network 
Service agent 102. In the bridge mode, the network Service 
agent 102 (residing in the client 10) manipulates the static 
policy routing tables in the client 10 and the mapping filter 
function in the ATU-R 12. In the router mode, the network 
service agent 102 (residing in the ATU-R 12) manipulates 
the policy routing tables and mapping filter function of the 
ATU-R 12. As noted above, in the router mode the client 10 
uses the ATU-R 12 as the default layer 3 gateway and does 
not require additional configuration. 
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0.063. The network service agent 102 is responsible for 
establishing a Secure connection to the connection Server 
104, providing authentication information to the connection 
Server 104, and authenticating the identity of the connection 
server 104. The network service agent 102 is also respon 
Sible for handling client requests by working with the 
connection Server 104, Over the network Service agent 
102/connection server 104 secure channel, to establish and 
tear down SVC connections and to poll current status 
information. In response to SVC status changes resulting 
from configuration requests or network events, the network 
Service agent 102 re-configures routing and mapping tables 
in the client 10 and/or ATU-R 12 to maintain appropriate 
routing of client traffic. 
0064. Each network service agent (local and remote) 102 
will, on-demand, establish a Secure channel to the connec 
tion server 104 Over the best effort PPPoE channel. The 
network Service agent 102 also authenticates each user to 
determine whether the user is authorized to establish SVCs. 
Once authenticated, the connection Server 104 authenticates 
the management Session and responds to connection Setup 
requests, connection tear down requests, connection Status 
polls, and reachability inquiries. 
0065. In one embodiment, to service a connection setup 
request, the connection Server 104 receives matching con 
nection requests from both network Service agents 102 
within a time-out window. The connection requests should 
have matching attribute elements. To Service a connection 
tear down request, the connection server 102 can receive a 
request from only one of the network Service agents 102. 
The connection Server 104 may respond to connection Status 
polls with Status messages indicating the SVCS in use, class 
of Service, bandwidth, Session keys, etc. Optionally, the 
connection Server 104 may also send asynchronous Status 
updates to the network Service agents 102 upon connection 
and/or disconnection. 
0.066. In the event of connection setup or tear down, the 
connection Server 104 communicates with the proxy signal 
ing agent 106 to accomplish the requested provisioning task. 
The proxy signaling agent 106 Signals the network elements 
to provision the SVC. Upon confirmation of successful 
provisioning, the SVC status is passed back to the connec 
tion server 104 and to the network service agent 102. 
0067. After receiving verification of SVC setup, each 
network Service agent 102 changes policy routing tables in 
the PC 10 or ATU-R 12, in bridge and routing modes, 
respectively; changes mapping functions in the ATU-R 12, 
and informs the requesting Subscriber SVC-enabled appli 
cation 100 that the SVC channel has been configured. The 
mapping functions in the ATU-R 12 include the rules that the 
ATU-R 12 should use for filtering each packet and directing 
the packet into a specific PVC that connects to the SVC. As 
discussed above, the mapping function is dynamically estab 
lished to correspond to the SVC session duration. 
0068 Informing the application 100 that the SVC chan 
nel has been configured may be accomplished in a Session 
established between the subscriber SVC-enabled application 
100 and the network service agent 102. Alternatively, the 
subscriber SVC-enabled application 100 may simply poll 
the network Service agent 102 for connection Status to Self 
determine Success or failure. 

0069. Once the SVC has been established and appropriate 
routing changes have been made, packets matching the 
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policy routing and/or mapping rules will be transmitted over 
the SVC channel as long as the SVC is active. 
0070 The SVC may be deactivated by either: (1) the 
subscriber SVC-enabled application 100 sending a discon 
nect request to the connection server 104 via its network 
Service agent 102, (2) termination of the connection server 
104 to network service agent 102 management channel 
(either explicit or time-out), or (3) a network event Such as 
re-routing or other failure. When a network event occurs, the 
SVC status is known by the proxy signaling agent 106 and 
communicated to the connection server 104. Moreover, the 
connection server 104 informs both sides that the SVC has 
been cleared. In the event of a disconnect request or termi 
nation of the management channel, the connection Server 
104 informs the non-disconnected side that the SVC has 
been cleared. 

0071. Upon notification of SVC tear down via either an 
update message or Status polling, the network Service agent 
102 modifies the policy routing and mapping tables in the 
client device 10 and/or ATU-R 12 to reflect the change in 
connectivity. 
0072 Communications between the network service 
agent 102 and the connection server 104 are now discussed 
in more detail. 

0073) A CONNECT request should include the following 
parameters: Source Subscriber, destination Subscriber, class 
of Service, bandwidth, and Session key. In order to process 
the CONNECT request, matching CONNECT requests 
should be received from both the Source Subscriber and the 
destination Subscriber within a time-out period. The con 
nection server 104 processes validated CONNECT requests 
by querying the LDAP 30 to determine required provision 
ing information, such as AESAs, available PVC identifiers at 
each end-point, etc. The connection Server 104 also Selects 
suitable PVC identifiers, class of service, and traffic descrip 
tors, and performs CAC functions for ATU-R and DSLAM 
ports based on real time SVC tracking information and port 
speeds obtained from the LDAP 30. Finally, the connection 
server 104 services validated CONNECT requests by pass 
ing provisioning information to the proxy signaling agent 
106. 

0074. Upon being notified by the proxy signaling agent 
106 of Successful provisioning or failure to provision, the 
connection server 104 updates its internal real time SVC 
Session tracking information. The provisioning result may 
be communicated to the calling network Service agents 102 
by an explicit response to the CONNECT request and/or 
waiting for the network Service agent 102 to inquire about 
the current SVC status information (polling). 
0075) A DISCONNECT request should include the fol 
lowing parameters: Source Subscriber, destination Sub 
Scriber, class of Service, bandwidth, and Session key. A 
DISCONNECT request is determined to be valid when it is 
received from one or both network service agents 102 and it 
matches an existing, previously established SVC connec 
tion. The connection server 104 services valid DISCON 
NECT requests by matching the DISCONNECT request 
with its real time SVC tracking table, and communicating 
Stored information to the proxy signaling agent 106 to clear 
the SVC. 

0076. Upon provisioning success or failure, communi 
cated by the proxy signaling agent 106, the connection 
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server 104 updates its internal real time SVC session track 
ing information. The provisioning result may be communi 
cated to the calling network Service agent 102 by an explicit 
response to the DISCONNECT request and/or waiting for 
the network Service agent 102 to inquire about the current 
SVC status information (polling). 
0077. A STATUS request requires no parameters. The 
connection Server 104 Simply updates the requesting net 
work service agent 102 with the status of all SVCs termi 
nated by the ATU-R 12 managed by the network service 
agent 102. 
0078 AREACHABILITY request requires a destination 
subscriber parameter. In response to a REACHABILITY 
request, the connection Server 104 informs the querying 
network service agent 102 of whether the destination Sub 
scriber is reachable, via SVC, from the Source Subscriber 10. 
The response to the request only confirms that Source to 
destination connectivity is possible, and it does not take into 
account available bandwidth, etc. 
0079 Each network service agent 102 connects to the 
connection server 104 to initiate SVC connections. This 
network service agent 102 to connection server 104 con 
nection is made over the public Internet, and it must be 
authenticated and Secure. 

0080) If the network service agent 102 to connection 
server 104 connection is dropped or times out, any SVCs 
established by the network Service agent's username is 
automatically released by the connection server 104. In the 
case of multiple network Service agent 102 to connection 
server 104 connections using the same username (PC client 
based network service agent 102), all SVCs established 
under the username must be released automatically once the 
final network service agent 102 to connection server 104 
connection is dropped or times out. Time outs may be 
determined using an explicit keep-alive mechanism if this is 
not provided by the Secure encryption layer. 

2. Extended Virtual UNI 

0081. An advantage of the proxy signaling approach, 
described above, is that Such an approach does not require 
SVC capability for ATU-Rs or for DSLAMs. If the ATU-R 
does have SVC capability, and DSLAM does not support 
SVC, another approach may be employed. Such an approach 
will be referred to as Extended Virtual UNI. 

0082) Extended Virtual UNI enables an SVC to be set up 
between an originating ATU-R and a destination ATU-R, 
through the ATM network, using an established range of 
VCs within a single VP. Conventionally, initiating an SVC 
from an ATU-R to an ATM edge switch using Virtual UNI 
(e.g., ATM Forum UNI 4.0) presents a scalability problem 
when the deployed DSLAM is not SVC capable. Each 
Virtual UNI requires the use of one VP, a limited number of 
which are available at each port of the DSLAM and at the 
ATM Switch. Therefore, use of Virtual UNI to enable SVCs 
between the ATU-R and the ATM Switch is unacceptably 
restrictive and impractical. 
0083. According to the present invention, each VP (iden 
tified by a corresponding VPI) is segmented into a number 
of VC ranges, consisting of multiple, contiguous VCs (iden 
tified by corresponding VCI address ranges). Each of the VC 
ranges accommodates a Virtual UNI, greatly increasing the 
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capacity of each VP to support multiple Virtual UNIs. AVC 
range includes at least one VC dedicated to control and at 
least one VC dedicated to data. The control VCs include a 
Signaling channel, which enables Setting up and tearing 
down the SVCs. The control VC and the signaling channel 
may be one in the Same. However, when there are multiple 
contiguous control VCs, only one VC need be dedicated to 
Signaling. The remaining control VCs may Support addi 
tional control information, Such as interim local manage 
ment interface (ILMI) data, for example. The VC range and 
the associated VP appear in the header of every ATM cell 
that is sent to the destination once the SVC has been 
established. 

0084 FIG. 4 is a table indicating an exemplary VPI/VCI 
arrangement for Extended Virtual UNI, in which sixteen 
VPs are segmented to support over 3000 Virtual UNIs by 
Segmenting each VP into multiple Sets of five contiguous 
VCs, indicated by the corresponding VCIs. Although FIG. 
4 shows an embodiment in which the number of VCs for 
each VP for each Virtual UNI is set at five, it is understood 
that the number of VCs may be any subset of contiguous 
VCs within the corresponding VP, without departing from 
the Scope and Spirit of the present invention. 
0085. The first column of FIG. 4 indicates the virtual 
path connection index (VPCI) that identifies the Virtual UNI 
corresponding to the range of VCs within a particular VP. As 
indicated, there are sixteen VPs, which is the typical number 
of VPs corresponding to a port of an ATM edge switch, 
although alternative numbers of VPs for each port may be 
used without departing from the Scope and Spirit of the 
present invention. Each VP is segmented into 198 VCI 
ranges, corresponding to 198 Virtual UNIs. Therefore, 
according to the depicted embodiment, a total of 3168 
Virtual UNIs are accommodated through one port of the 
ATM edge switch. 
0086) The second column of FIG. 4 identifies the VPI/ 
VCI range in each of the sixteen VPs. As stated above, each 
VCI address range has been predetermined to include five 
VCs in the present example. Accordingly, VPCI number 1 is 
established through VCIs 32 to 36 of VPI number 1, and 
VPCI number 396 is established through VCIs 1022 to 1026 
of VPI number 2. (The first Virtual UNI is shown to begin 
at VCI 32 because VCIs 0-31 within each VPI are typically 
reserved for signaling data.) The relationship between the 
range of VCIs and the number of the Virtual UNI is indicated 
generally in the row corresponding to VPCI n+1. In par 
ticular, the VCI range for VPCI n+1 extends from 32+(5*n) 
to 36+(5*n). 
0087. The third column of FIG. 4 identifies the control 
channel for each VPCI. The control channel carries the 
Signaling that enables connection Setup, identification of 
network elements and clients, and the like. AS discussed 
above, at least one control channel in a VC range must be 
dedicated to transmitting Signaling relating to the network, 
although additional control channels may accommodate 
addition types of control data. In the exemplary embodiment 
of FIG. 4, each VC range includes one control channel (e.g., 
assigned to the first VC of each VC range). For example, the 
control channel of VPCI number 1 is VCI 32 within VPI 1 
(i.e., 1/32), and the control channel of VPCI number 3168 is 
VCI 1022 within VPI 16. 

0088. Extended Virtual UNI is implemented in a packet 
based communications network, Such as the ATM network 
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depicted in FIG. 6. FIG. 6 depicts various network elements 
generally similar to those described above with respect to 
FIG. 1, to the extent the reference numerals correspond. 
Implementation of Extended Virtual UNI requires software 
enhancements to various network elements, including the 
ATU-R 12, the DSLAM 14 and the ATM Switch 15. In an 
embodiment of the invention, the enhanced ATU-R 12 
supports ATM Forum UNI 3.1, UNI 4.0 and ILMI. An API 
to a network Service agent, Such as the network Service agent 
102 of FIG. 2, is included to enable SVC initiation. The 
ATU-R 12 also includes decode/encode capability up to 
layer 4 (e.g., TCP/JDP) for the routed mode. The enhanced 
ATU-R 12 also requires policy-based routing, enabling 
packets to be forwarded on different VCs (e.g., based on 
L1-L4 information), and VC based queuing, Scheduling and 
shaping, enabling forwarded traffic to conform to the SVC 
parameterS. 

0089. In the exemplary embodiment, the DSLAM 14 is 
pre-configured with croSS-connect PVCs, which map the 
signaling channel's VPI/VCI address and the data channels 
VPI/VCI addresses in the UNI of the ATU-R 12 to Extended 
Virtual UNI addresses in the ATM Switch 15. For example, 
the cross-connect PVCs in the DSLAM 14 may be pre 
configured to map ATU-R 12 UNI addresses to Extended 
Virtual UNI addresses as follows: The UNI signaling chan 
nel is mapped from VPI/VCI0/5 to VPI/VCI 3/60; the CBR 
channel is mapped from VPI/VCI 0/32 to VPI/VCI 3/61; the 
VBR-rt is mapped from VPI/VCI0/40 to VPI/VCI 3/62; and 
the VBR-nrt is mapped from VPI/VCI 0/48 to VPI/VCI 
3/63. Consistent with the invention, the VPI/VCIs of the 
Extended Virtual UNI indicate contiguous VCs within the 
Same VP. 

0090 The ATM switch 15 is configured to support 
Extended Virtual UNI. Also, additional levels of CAC are 
required for traffic management of the DSLAM trunk port 
congestion point and customer Service control, including 
Logical Port (UNI) Level CAC, Extended Virtual UNI Level 
CAC, and per connection level CAC. The connection level 
CAC enables the SVC call request to be matched to a 
pre-provisioned PVC in the DSLAM 14. Furthermore, the 
ATM Switch 15 stores the following information in relation 
to each Extended Virtual UNI: a service-active identifier, 
which is set upon subscription to the service; a VPI/VCI 
range, identifying the VP and the range of contiguous VCs 
within the VP; a maximum equivalent bandwidth and an 
available bandwidth; and information regarding the PVCs 
pre-configured in the DSLAM 14. The PVC information 
includes, for example, the VPI/VCI of the Extended Virtual 
UNI, the VPI/VCI of the ATU-R 12 UNI, the service 
category (e.g., CBR, VBR-rt, VBR-nrt, UBR), traffic 
descriptors (e.g., PCR, SCR, MBS), QoS parameters (cell 
loss rate, latency, jitter), and the status of the connection 
(e.g., busy, free). 
0.091 In an embodiment of the invention, an element 
management System (EMS)/provisioning server 27 Servic 
ing the ATM network 16 is also included. The EMS/ 
provisioning server 27 Supports SVC call based billing 
functions, Such as usage based accounting. The EMS/pro 
Visioning Server 27 is also enhanced to Support configuration 
of Extended Virtual UNI in the edge Switches, such as the 
ATM Switches 15 and 19. 

0092 FIG. 5 is an exemplary call flow diagram showing 
an SVC established through the ATM network 16, using 
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Extended Virtual UNI, between the Source Subscriber 10 and 
the destination subscriber 40. The request to setup the SVC 
is initiated by the source subscriber 10. In the depicted 
embodiment of the invention, the Source Subscriber 10 
initially contacts the ISP24 via the Internet 20 (not pictured 
in FIG. 5) at step 510. The source subscriber 10 identifies 
the destination Subscriber 40, for example, by providing an 
associated IP address to the ISP 24. At step 511, the 
subscriber 10 queries a database through the ISP24, such as 
the LDAP 30, to retrieve the AESA of the ATU-R 42, 
corresponding to the destination Subscriber 40, based on the 
IP address provided by the source subscriber 10 at step 510. 
The LDAP 30 performs a lookup of the AESA and replies 
with the AESA of the ATU-R 42 at step 512, which is 
forwarded to the source subscriber 10 at step 513. 

0093. In alternative embodiments, the source subscriber 
10 identifies the AESA of the ATU-R 42 in any appropriate 
manner, without departing form the Scope and Spirit of the 
present invention. For example, the source subscriber 10 
may maintain a pre-established database of AESAS for 
commonly connected destinations. Alternatively, the AESA 
may be retrieved from an instant messaging Server. 

0094. Once the source subscriber 10 has retrieved the 
AESA, it initiates a connection with the ATM network 16 by 
Sending a signaling message, Such as a Setup connection 
request, to the ATU-R 12 at step 514. In an embodiment of 
the invention, the QoS application sends a QoS connection 
setup message through the API to the ATU-R. The setup 
message carries the Service category, the traffic descriptors 
and the QoS parameter, described above. In an alternative 
embodiment, the QoS application sends the QoS connection 
Setup message through the API to a network Service agent 
(not pictured in FIG. 5), such as the network service agent 
102 of FIG. 2. The network service agent translates the 
connection Setup message and forwards it to an SVC Sig 
naling entity in the ATU-R 12. The Signaling message also 
includes the AESA of the destination Subscriber 40, as well 
as the QoS requirement for Supporting the underlying appli 
cation. 

0095. Upon receipt of the connection setup request, the 
ATU-R 12 sends a standard SVC SETUP message over a 
Standard UNI Signaling channel, transparently through the 
DSLAM 14, to the Extended Virtual UNI of the ATM Switch 
15 at steps 515 and 516. The standard UNI signaling channel 
is cross-connected by DSLAM 14 to the first channel (or first 
set of contiguous control channels) of the Extended Virtual 
UNI in the ATM switch 15. The first channel is, by default, 
the signaling channel of the Extended Virtual UNI. The 
SETUP message likewise includes the AESA of the desti 
nation subscriber 40 and the QoS requirement. For example, 
when a SETUP message is received on a VC having a 
VPI/VCI of 1/37, the UNI is mapped to the Extended Virtual 
UNI corresponding to VPCI number 2 (VPI INCIs 37-41). 

0096] When the ATM switch 15 receives the SETUP 
message, it initially determines whether the requested con 
nection is authorized and the requested Service is available. 
The ATM Switch 15 then performs various CAC functions, 
discussed above. For example, the ATM Switch 15 performs 
a standard ATM UNI CAC and an Extended Virtual UNI 
CAC to determine whether there is enough available or 
equivalent bandwidth to accommodate the new connection. 



US 2004/O165592 A1 

If not, the ATM Switch 15 sends a reject message back to 
ATU-R 12, indicating the reason for failure as not enough 
network resources. 

0097. The ATM switch 15 also performs a connection 
CAC to determine whether any of the pre-configured PVCs 
in the DSLAM 14 for this subscriber can satisfy the require 
ment of the connection based on traffic descriptors and QoS 
requirements. If not, it sends a reject message back to 
ATU-R 12 with the reason for failure as not enough network 
resources. If the pre-configured PVCs can satisfy the 
requirement, the ATM Switch 15 selects a PVC with the 
lowest service category and lowest bandwidth from all of the 
PVCS that Satisfy the requirement and extracts the necessary 
data associated with the selected PVC, including VPI/VCI in 
the Virtual Extended UNI, corresponding VPI/VCI in 
ATU-R UNI. 

0098. The ATM switch 15 then initiates a standard SVC 
connection Setup procedure. For example, the ATM Switch 
responds to the ATU-R 12 with a CALL-PROCEED mes 
Sage at Step 517 to indicate initiation of the requested 
connection at the QoS requirement. The message informs 
the ATU-R 12 which VPI/VCI should be used for this 
connection. 

0099. At step 518, the ATM switch 15 sends the SETUP 
message to the terminating edge Switch, ATM Switch 19, 
through the ATM network 16 (not pictured in FIG. 5). The 
message may be routed directly to the ATM Switch 19, or 
may pass through any number of intervening Switches, 
depending on the layout of the ATM network 16. All transit 
(i.e., non-terminating) ATM Switches treat the call as a 
standard SVC call. 

01.00 When the ATM switch 19 receives the SETUP 
message, it performs the same CACs as the ATM Switch 15, 
described above, to check whether there are enough network 
resources to accommodate this connection. When any of the 
CAC checkS. fail, a Standard release message is returned to 
the ATM Switch 15. When all of the CAC checks are passed, 
the ATM Switch 19 Selects a PVC with the lowest Service 
category and lowest bandwidth from the PVCs that satisfy 
the requirement, in the manner discussed above. The ATM 
Switch 19 extracts the necessary data associated with the 
PVC, including VPI/VCI in the Virtual Extended UNI, 
corresponding VPI/VCI in the UNI of the ATU-R 42. 
0101 The ATM switch 19 sends the SETUP message to 
the ATU-R 42, via the DSLAM 44, at steps 519 and 520, 
specifying the VPI/VCI in the SETUP message that ATU-R 
42 UNI should use for the connection. The ATU-R 42 sends 
a CALL-PROCEED message to the ATM switch 19 at step 
521 (via the DSLAM 44) to indicate initiation of the 
requested connection. At step 522, the ATU-R 42 sends a 
CONNECT message (via the DSLAM 44), indicating that it 
has accepted the call. The ATM Switch 19 returns a CON 
NECTACKNOWLEDGE message to the ATU-R 42 at step 
523 (via the DSLAM 44) and sends a CONNECT message 
to the ATM switch 15 at step 524 through the ATM network 
16. The ATM Switch 15 likewise sends a CONNECT mes 
sage to the ATU-R 12 at step 525 (via the DSLAM 14), 
utilizing the established Extended Virtual UNI. For example, 
when the Virtual UNI is VPCI number 2 (indicated by FIG. 
4), the CONNECT message passes to the ATU-R 12 via the 
VC identified by VPI/VCI 1/37. ACONNECT ACKNOWL 
EDGE message is returned to the ATM Switch 15 at step 526 
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(via the DSLAM 14). The resulting SVC connection is 
indicated by the dashed line at step 527. 
0102) The ATU-R 12 acknowledges to the source Sub 
scriber 10 that the SVC has been set up at step 528. In an 
embodiment of the invention, once the connection is built 
successfully, each of the ATU-R 12 and the ATU-R 42 
informs its respective network Service agent (not pictured in 
FIG. 5) to add a specific policy routing entry into its routing 
table (e.g., in the corresponding PC for the bridge mode and 
in the ATU-R for the routed mode). The calling end network 
Service agent informs the corresponding application that the 
QoS connection is ready for use. 
0103) When the application proceeds, the source Sub 
scriber 10 sends a request to use the SVC to the ATU-R 12 
at step 529. The request includes, for example, the IP address 
and port address of the destination subscriber 40, the pro 
tocol ID and the QoS. The connection between the Source 
subscriber 10 and the destination source 40, including the 
SVC, is indicated by step 530. The signaling and data passed 
over the SVC is mapped to the VPI/VCIs of the Extended 
Virtual UNI as established during the connection setup. 
0104. According to an exemplary call release procedure 
for the peer to peer QoS service with Extended Virtual UNI, 
just before the QoS application is closed, the application 
Sends a message through network Service agent to the 
ATU-R 12 to release the QoS connection. The ATU-R 12 
sends a standard release message to the ATM Switch 15 and 
deletes the corresponding policy routing entry in the routing 
table. The ATM Switch 15 performs standard SVC release 
actions and, at the same time, releases the occupied PVC. 
The ATM Switch 15 accordingly adds the equivalent band 
width of the connection back to the available bandwidth of 
the Extended Virtual UNI and the available bandwidth of the 
DSLAM trunk port. 
0105. When the ATU-R 42 receives the release message, 

it likewise deletes the corresponding policy routing entry in 
the routing table, and responds with a Standard UNI Signal 
ing message (e.g., a RELEASE COMPLETE message) to 
the ATM Switch 19. When the ATM Switch 19 receives the 
RELEASE COMPLETE message, it performs the same 
actions as the ATM Switch 15, releasing the utilized 
CSOUCCS. 

0106 The provisioning, control and billing of the 
Extended Virtual UNI service may be implemented by 
known methods. In an embodiment of the present invention, 
the ATM edge Switches are the Service provisioning and 
control points. Therefore, customers, who signal SVC con 
nection requests without ordering peer to peer QoS Services, 
receive no response to the UNI Signaling Since a Service 
active identifier is not initially set in the corresponding ATM 
Switch. Also, Service related data is configured through the 
EMS/provisioning server 27, discussed above, into the cor 
responding ATM edge Switch. Extended Virtual UNI based 
CAC functions limit the actual allocated equivalent band 
width, to avoid exceeding the maximum equivalent band 
width for the Extended Virtual UNI. Policing may be 
imposed on each connection based on the traffic descriptors. 
Billing likewise may be based on traffic descriptors, as well 
as Service categories, duration and traffic usage. 

0107 Using Extended Virtual UNI, the ATM switch 15 is 
able to support the SVC between the ATU-R 10 and the 
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ARU-R 42 without having to dedicate an entire VP to that 
single SVC. The ATM Switch is able to meet the QoS 
requirements and still support additional Virtual UNIs 
through the same VP, more efficiently utilizing the VCs 
within one VP. Thus, according to the present invention 
multiple subscribers can connect to the ATM network 16 and 
set up SVCs using respective Virtual UNIs, corresponding to 
distinct ranges of contiguous VCs within a Single VP. 
Consequently, additional SVCs are enabled through the 
network, guaranteeing QoS for Specific end user applica 
tions, without having to expand the physical port capacity of 
various network elements. 

0108. Although the invention has been described with 
reference to Several exemplary embodiments, it is under 
stood that the words that have been used are words of 
description and illustration, rather than words of limitation. 
Changes may be made within the purview of the appended 
claims, as presently Stated and as amended, without depart 
ing from the Scope and Spirit of the invention in its aspects. 
Although the invention has been described with reference to 
particular means, materials and embodiments, the invention 
is not intended to be limited to the particulars disclosed; 
rather, the invention extends to all functionally equivalent 
Structures, methods, and uses Such as are within the Scope of 
the appended claims. For example, although the description 
has been directed towards Setting up a QoS connection to a 
peer Subscriber, the connection(s) could also be set up to one 
or more application Service providers (ASPs). 

0109. In accordance with various embodiments of the 
present invention, the methods described herein are intended 
for operation as Software programs running on a computer 
processor. Dedicated hardware implementations including, 
but not limited to, application Specific integrated circuits, 
programmable logic arrays and other hardware devices can 
likewise be constructed to implement the methods described 
herein. Furthermore, alternative Software implementations 
including, but not limited to, distributed processing or 
component/object distributed processing, parallel proceSS 
ing, or virtual machine processing can also be constructed to 
implement the methods described herein. 

0110. It should also be noted that the software implemen 
tations of the present invention as described herein are 
optionally Stored on a tangible Storage medium, Such as: a 
magnetic medium, e.g., a disk or tape; a magneto-optical or 
optical medium Such as a disk, or a Solid State medium Such 
as a memory card or other package that houses one or more 
read-only (non-volatile) memories, random access memo 
ries, or other re-writable (volatile) memories. A digital file 
attachment to email or other Self contained information 
archive or Set of archives is considered a distribution 
medium equivalent to a tangible Storage medium. Accord 
ingly, the invention is considered to include a tangible 
Storage medium or distribution medium, as listed herein and 
including art-recognized equivalents and Successor media, 
in which the Software implementations herein are Stored. 
0111 Although the present specification describes com 
ponents and functions implemented in the embodiments 
with reference to particular Standards and protocols, the 
invention is not limited to Such Standards and protocols. 
Each of the Standards for Signaling and packet-Switched 
network transmission and public telephone networks (e.g., 
ATM and DSL) represent examples of the state of the art. 

Aug. 26, 2004 

Such Standards are periodically Superseded by faster or more 
efficient equivalents having essentially the same functions. 
Accordingly, replacement Standards and protocols having 
the same functions are considered equivalents. 

What is claimed: 
1. A method of establishing at least one SVC via an ATM 

Switch port, the ATM Switch port comprising a plurality of 
VPs, the method comprising: 

associating a plurality of virtual UNIs to each of the 
plurality of VPs. 

2. The method of establishing at least one SVC according 
to claim 1, in which each VP of the plurality of VPs 
comprises a plurality of VC ranges, each VC range corre 
sponding to a different virtual UNI of the plurality of virtual 
UNIS 

3. The method of establishing at least one SVC according 
to claim 2, in which each VC range comprises at least one 
VC for control and at least one VC for data transfer. 

4. The method of establishing at least one SVC according 
to claim 2, in which associating the plurality of virtual UNIs 
to each of the plurality of VPS comprises mapping each 
virtual UNI to a corresponding VC range within a VP based 
on a VPI/VCI of the virtual UNI initially received by the 
ATM Switch port. 

5. A method for supporting a plurality of virtual UNIs 
within a single VP, which includes a plurality of VCs, the 
method comprising: 

assigning a virtual UNI to the VP; 
assigning at least one control VC of the plurality of VCs 

to the virtual UNI, and 
assigning at least one data VC of the plurality of VCs to 

the virtual UNI, the at least one data VC being con 
tiguous with the at least one control VC; 

wherein a plurality of virtual UNIs are available for the 
VP 

6. The method for supporting a plurality of virtual UNIs 
according to claim 5, further comprising: 

determining a quality of Service associated with an appli 
cation of the virtual UNI, and 

assigning at least one of the at least one control VC and 
the at least one data VC based on the quality of Service. 

7. The method for supporting a plurality of virtual UNIs 
according to claim 6, further comprising: 

determining a minimum number of contiguous data VCs 
needed to Support the quality of Service; and 

assigning the determined number of data VCS to the 
virtual UNI. 

8. The method for supporting a plurality of virtual UNIs 
according to claim 6, further comprising: 

determining a minimum number of contiguous control 
VCs needed to Support the required quality of Service; 
and 

assigning the determined number of control VCs to the 
virtual UNI. 

9. The method for supporting a plurality of virtual UNIs 
according to claim 5, in which the at least one control VC is 
a signaling channel. 
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10. A method for establishing an SVC in an ATM network, 
comprising: 

receiving a signaling message, via a virtual UNI, to Set up 
the SVC: 

assigning the virtual UNI to a range of VCs with within 
a single VP, based on a VPI/VCI of the signaling 
message, the VP including at least one additional range 
of VCs assigned to another virtual UNI; and 

establishing the SVC using the range of VCS assigned to 
the virtual UNI. 

11. A system for establishing at least one SVC in an ATM 
network, comprising: 

an ATM network element having a plurality of ports, each 
port supporting a plurality of VPs, the ATM network 
element associating a plurality of Virtual UNIS to each 
of the plurality of VPs. 

12. The system for establishing at least one SVC accord 
ing to claim 11, in which each VP of the plurality of VPs 
comprises a plurality of VC ranges, each VP range corre 
sponding to a different virtual UNI of the plurality of virtual 
UNIS. 

13. The system for establishing at least one SVC accord 
ing to claim 12, in which each VC range comprises at least 
one VC for control and at least one VC for data transfer. 

14. The system for establishing at least one SVC accord 
ing to claim 12, in which the ATM network element asso 
ciates the plurality of virtual UNIs to each of the plurality of 
VPs by mapping each virtual UNI to a corresponding VC 
range within a VP based on a VPI/VCI of the virtual UNI 
initially received at a corresponding one of the plurality of 
ports. 
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15. The system for establishing at least one SVC accord 
ing to claim 11, in which the ATM network element com 
prises one of an ATM edge switch and a DSLAM. 

16. A computer readable medium for Storing a computer 
program that establishes at least one SVC via an ATM Switch 
port, the ATM Switch port comprising a plurality of VPS, the 
computer readable medium comprising: 

an associating Source code Segment that associates a 
plurality of virtual UNIs to each of the plurality of VPs. 

17. The computer readable medium according to claim 
16, in which each VP of the plurality of VPs comprises a 
plurality of VC ranges, each VC range corresponding to a 
different virtual UNI of the plurality of virtual UNIs. 

18. The computer readable medium according to claim 
17, in which each VC range comprises at least one VC for 
control and at least one VC for data transfer. 

19. The computer readable medium according to claim 
17, further comprising: 

a mapping Source code Segment that maps each virtual 
UNI to a corresponding VC range within a VP based on 
a VPI/VCI of the virtual UNI initially received by the 
ATM Switch port, the associating Source code Segment 
associating the plurality of virtual UNIs to each of the 
plurality of VPs based on the mapping. 

20. The computer readable medium according to claim 
17, further comprising: 

a determining Source code Segment that determines a Size 
of each VC range based on an application of the 
corresponding virtual UNI. 

k k k k k 


